Abstract: Effective decision making with evidence of possibility is important when faced with alternatives that are begging for attention. The alternative which proved to be most possible is given preference over the others. This paper applied the fuzzy mathematics based on Multi-Objective Decision Analysis (MODA) technique to solve the challenge of selecting a plant out of four alternatives to be considered for knowledge-based maintenance expert system development. The goal is to ensure the limited resources available is channeled towards developing the expert system for one production plant. Consequently, objectives were set and given preference ranks. Each plant was also ranked based on its performance under each objective. A fuzzy MODA technique was used to analyse the data derived from ranking of the objectives and plant. The silicate glass plant emerged as the plant that satisfied the set objectives optimally and was selected as the most preferred of the four plants.
selected based on evidence and analysis rather than personal opinions [1] . The maintenance expert system which needed to be developed required just a plant out of the four available and the challenge was selecting the plant that will make optimal use of set objectives. According to Beresford and Sloper [6] , the evaluation of different options and making a decision on which to choose is the outcome of a process involving assessment and judgment. Thus, there is need for two or more alternatives. Decision making is the process of choosing what to do by considering the possible consequences of different choices [7] . Turpin and Marais [8] and Oliveiral [9] are of the notion that the method of decision analysis entails the attachment of numerical values or utility to possible alternative and the alternative with the highest utility is selected when considering the rational decision making model. Gadakh [10] explained the applicability of multi-objective optimization on the basis of ratio analysis (MOORA) to solve the problem of selecting the best milling process parameters. He stated further that the MOORA method simultaneously optimizes two or more conflicting attributes subject to certain constraints. Conflicting goals with the use of all relevant resources must be efficiently handled and optimized simultaneously in the framework of fuzzy aspiration level [11] . Nunkaew and Phruksaphanrat [ 12] argued that one of the most popular methods to solve Multi-Objective Decision Making (MODM) is Goal Programming (GP) which is concerned with conditions of achieving prospective targets or goals. But GP does not allow for vague goals aspiration of the Decision Maker (DM). The application of fuzzy set theory by defining membership function for each vague goal, into GP makes room for vague goal aspiration of the DM. Dalal et al. [13] opined that ranking has to satisfy multiple objectives and such they used hodge decomposition for multi-objective ranking of comments. A good number of authors have worked on solving multi objective decision problems using various methods and their combinations which showed promising results. Darji and Rao [14] proposed an intelligent multi criteria decision making method for material selection in sugar industry to optimize the selection of pipes made from five alternative materials. Kumar et al. [15] employed entropy method of multi-criteria decision making to determine the criteria weight and order preference technique in measuring uncertainty in material selection for industrial design. Nagar [16] used fuzzy multi criteria decision making method to select the most appropriate maintenance policy for air caster, equipment for transformer manufacturing. His approach to the challenge considered about eight objectives ranked by five experts gave predictive maintenance policy as the most appropriate. This research work applied the fuzzy mathematics based on Multi-Objective Decision Analysis (MODA) technique to solve the challenge of selecting a plant out of four alternatives to be considered for knowledge-based maintenance expert system development.
2.Methods
This research work applied MODA technique to select appropriate plant for maintenance expert system development. Four manufacturing plants were alternatives considered (silicate glass plant, sulphurnic acid plant, steel rolling mill and sponlace plant). Survey, inspection and interviews were carried out to ascertain for each plant: availability of maintenance experts, number of maintenance experts available, knowledge management practice, maintenance practice, complexity of plant and disposition of the maintenance experts. Based on these objective constraints, the problems were set and each of the objectives was given importance rank of fuzzy membership function. The importance rank was obtained by conducting survey among four persons that have been involved in expert system development and average importance rank was obtained as shown in Table 1 . The importance ranks indicate the influence each objective has on the alternatives. Each plant alternative was ranked using fuzzy membership function based on the performance of each alternative in each objective as shown in Table 2 . This performance rank (objective rank for each plant) was decided on through inspection and interviews conducted.
A Fuzzy Multi Objective Analysis model [17] has been applied to select the plant that satisfied the set objectives optimally. From [17] , the following equations were defined:
1. A set P of i alternatives P= {α1, α2, ------αn}, (1) for i = 1,2,3, -----n, 2. A set Q of j objectives Q= {O1, O2, ------Or}, (2) for j = 1,2,3, -----r, 3. An objective preference set R with respect to j objectives R={b1, b2, ------br}, A unique relationship between a preference and its associated objective is given by replacing the decision measure of ith alternative with a classical implication M[Oj(αi), bj]= bj Oj(αi) = bj˅Oj(αi), (6) 7. The new decision function D is transformed into D= ∩(Cj),
Where decision value Cj = bj˅Oj 8. The membership form of the decision function D is obtained thus µD(αi)=min{µc1(αi), µc2(αi), --µcr(αi)}, (8) where µcj(αi)=max[µbj(αi), µOj(αi)], 9. The optimal decision function is obtained thus µD(ᾰ)=max[µD(αi)] = max{µD(α1), µD(α2), --------µD(αn)}, In the process of executing the optimal plant selection process for the development of the expert system, ties occurred between plant alternatives which necessitated a further analysis known as tie breaking [17] .
Let Y and Z represent tied alternatives such that µD(Y) = µD(Z) = µD(ᾰ), 
where n is the stage number of tie breaking.
3.Result
The membership value for the decision function D for each of the element of alternative set P as obtained according to Equation 8 are µD(α1) = 0.4; µD(α2) = 0.2; µD(α3) = 0.6; and µD(α4) = 0.6 while the optimal membership value obtained according to Equation 9 is µD(ᾰ) = 0.6
The optimal decision value 0.6 emanated from the second term C2(α3) for alternative α3 and the second C2(α4) and fifth C5(α4) terms for alternative α4. Let C2(α3) = Ck(α3), C2(α4) = Cg(α4) and C5(α4) = Cg(α4), Hence, K = 2, g = 2 and 5 The tie breaking technique according to Equations 13-15 was adopted for the tied alternatives α3 and α4 while the kth and gth terms which caused the tie were eliminated from the process. Therefore, a sub-set P1 of tied alternatives α3 and α4 were considered. P1 = {α3, α4}
The tie breaking procedure resulted in a decision membership value for each element of the tied alternative sub-set P1 as µD1(α3) = 0.7 µD1(α4) = 0.7 Consequently, the optimal decision membership value obtained from the sub-set P1 is µD1(ᾰ) = 0.7 This indicates that the alternatives are still tied. The optimal decision membership value emanated from all the terms in α3 and from the first, second and third terms in α4. Let C1(α3) = Ch(α3), C2(α3) = Ch(α3), C3(α3) = Ch(α3), C4(α3) = Ck(α3) & C5(α3) = Ck(α3) and C1(α4) = Cq(α4), C2(α4) = Cq(α4) & C3(α4) = Cq(α4). Hence, h = 1, 2, 3, 4 & 5 and q = 1, 2 & 3. The second stage of the tie breaking procedure was executed on the sub-set P1 of alternatives while hth and qth terms which caused the tie were eliminated from the process. Therefore, a new sub-set P2 of tied alternatives α3 and α4 was formed. This second stage of the tie breaking resulted in decision membership value for each element of the sub-set of the tied alternatives as µD2(α3) = 0 µD2(α4) = 0.8 Thereby giving an optimal decision membership value as µD2(ᾰ) = 0.8
Discussion
This value emanated from alternative α4 and the tie is finally broken, making α4 the most preferred for the plant maintenance expert system development. The silicate glass plant (α4 alternative) satisfied all the set objectives optimally such that available resources will be maximally utilized. The results obtained were in agreement with earlier researchers [10] [11] [12] [13] [14] .
Conclusion
This work presented some objectives which were considered to have constrained the process of selecting a plant out of four different plants, for maintenance expert system development. Since the problem is considered a multi-objective one, a multi-objective decision (MODA) analysis based on fuzzy mathematics was employed. Consequently, a plant i.e. silicate glass plant, emerged the alternative that satisfied the objectives optimally, qualifying it to be the topmost ranked alternative. The uncertainty associated with the selection process prompted the use of MODA based on fuzzy mathematics. The MODA has helped in solving the uncertainty in the selection process. 
